Gonadal steroids have traditionally been found to have short-term effects on the mating behavior of adult vertebrates, such that increased steroid hormone levels influence behavior over the course of a few days. Long-term effects also have been observed in which embryonic exposure to steroid hormone influences the sexual behavior of adults. The generality of the paradigms that have resulted from this work must be viewed with caution as all of the species studied exhibit a particular reproductive pattern. Here it is shown that in the adult red-sided garter snake, the seasonal androgen peak in the summer has a delayed action (8 months) on the male's readiness to court the next spring following emergence from hibernation. This suggests that the interval between the exposure to and the effects of steroid hormones in adult vertebrates may range from short latencies to long latencies and that the present dichotomy of organizing (permanent) versus activating (transient) effects of steroid hormones may not apply in certain instances.
Originally gonadal steroids were thought to act in vertebrates both early during specific periods of development and later in adulthood. The initial effects on the brain were believed to be permanent (organizational) and the latter effects were thought to be transient (activational) (1) . More recent formulations (2) (3) (4) recognize that these are not sharp boundaries and that cyclic hormone-induced structural changes can occur in the adult brain in seasonally breeding species, a process referred to as seasonal activation (5, 6) . However, in all species so studied there always is a close temporal association between gonadal activity and mating behavior (7) . In the red-sided garter snake (Thamnophis sirtalis parietalis), testicular growth occurs only after the brief spring mating season has ended and circulating androgens do not play a role in activating courtship behavior in the spring (8) (9) (10) (11) (12) (13) . Testicular androgens appear instead to organize the nervous system during the summer such that the male will respond to the appropriate stimuli the following spring. The long latency (8 months) between the androgen exposure in the summer and the consequent behavioral response the following spring suggests that a hormone-mediated organization of the brain is occurring on a seasonal basis, a process that can be regarded as seasonal organization.
Fifteen years ago, I authored the first experiment on the hormonal control of sexual behavior in red-sided garter snakes (14) . This initial investigation suggested that the hormonal control of sexual behaviors followed the accepted vertebrate paradigm: estrogen controlled the attractivity of females and androgen activated the courtship responses of males. While the first conclusion has withstood the test of time, the second has not. Because of the few animals available, a sequential testing design was used in that study whereby individual male garter snakes were tested behaviorally and then given androgen during a period that, as we later learned, coincided with the naturally occurring breeding activity. There is a much greater chance of accepting a false positive (type I error) in a sequential testing design compared to the more commonly used simultaneous testing design (in which different groups are treated at the same time). Our subsequent studies (8) (9) (10) (11) (12) (13) in which the latter design was used revealed that male garter snakes can exhibit courtship behavior in the absence of androgen. The present study thus incorporates both the sequential and simultaneous testing designs.
Although it has not been possible to show an activational role of testosterone in courtship behavior in male red-sided garter snakes, this does not mean that courtship in adult red-sided garter snakes is completely independent of steroid hormone effects. To determine whether steroid hormones may be acting during the summer to effect a change in courtship behavior the following spring, adult male red-sided garter snakes were captured in the fall of 1986 as they returned to the winter hibernaculum. The average size of the animals at the initiation of the study was 46.5 cm (snout-tovent length) (±1.0 SD) and 38.2 g (body mass) (±0.6 SE). Some males were castrated (15) while other males were given sham operations or were left intact. Initially, 45 males were castrated, 45 males received sham operations, and 13 males were not manipulated. Reported here are the results of those individuals that survived in the laboratory through four complete annual cycles (castrates, 13; intact shams, 7; intact unmanipulated, 3) . At the end of the study (summer of 1990), the animals were killed and the body cavity was inspected to determine the completeness of the surgery; there was no evidence of testicular remnants in any of the castrated males.
Animals were tested once each day in February after a 17-week period of low-temperature dormancy (40C) with a 0:24 light/dark cycle. The low temperature simulates winter hibernation, and males will reliably exhibit intense courtship behavior to an attractive female on emergence. Experiments have shown that hibernation is essential for courtship behavior in the spring (13, 16, 17) . Photoperiod does not appear to play a role in the regulation of courtship behavior (18) . As they were removed from hibernation, males were assigned randomly to 1 of several 30-gal terraria (15-20 animals per cage). These were housed in a room having a 12:12 light/dark cycle and corresponding 240C:18'C daily thermal cycle.
Courtship behavior was tested in all groups during the 4 weeks after emergence. All testing was done without knowledge of the individual's treatment. For statistical analysis, a male was considered a courter if he exhibited courtship on 50% or more of the tests in a given year. In year 1 there were 12 tests, in year 2 there were 9 tests, in year 3 there were 21 tests, and in year 4 there were 21 tests. Test periods lasted 10 min and used females that had recently emerged from laboratory hibernation as stimulus animals. In all studies, the stimulus female had her cloaca taped to prevent intromission and mating; once a female has mated she becomes nonreceptive and unattractive to courting males (19, 20) . All testing
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was conducted in the males' home cage. Male courtship behavior was evaluated by using a graduated behavioral scale with failure of the male to approach the female scored as 0, while attempted intromission scored as 2. The completeness of the castration procedure was evident in the subsequent body weight changes, a replication of previous findings (21) . Intact individuals exhibited only a modest 3% increase in body weight during the first 3 years of the study (matched pairs t test: year 2 vs. year 1, t = 0.92, P > 0.10; year 3 vs. year 1, t = 0.43, P > 0.40), whereas castrated males exhibited a 29% gain in weight (year 2 vs. year 1, t = 2.83, P < 0.01; year 3 vs. year 1, t = 2.17, P < 0.05) ( Tables 1 and 2 ). Thus, it is unlikely that growth, and hence vigor, could account for the effects observed as the castrated males were more robust than the intact males. As reported previously (21), the short-term exposure to androgen inhibited subsequent growth (t = 2.43; P < 0.02) ( Tables  1 and 2) .
On emergence from their first laboratory hibernation (year 1), there was no statistical difference in the courtship behavior of castrated males and intact males (P = 0.34); this finding replicates previous studies (9, 13) ( Fig. 1) . Sham-operated and unmanipulated intact males courted equally on emergence (year 1, P = 0.78; year 2, P = 0.84; year 3, P = 0.60; year 4, P = 0.17). These groups were combined and henceforth are referred to as intact males. On emergence from hibernation in the second year (year 2), however, only 4 ofthe 13 castrates were classified as courters compared to 9 of the 10 intact males (P = 0.006). By year 3, the castrates courted on 12% of the tests compared to the intacts courting on 72% of the tests. By year 4, 3 of the blank-treated castrated males exhibited courtship behavior but only on 2 (n = 2) and 3 (n = 1) tests (of a total of 21 daily tests for each individual), whereas all but 2 of the intact males courted on >40% of their tests (Table 3) .
The apparent decline in overall courtship activity in year 4 in intact males compared to the level of courtship in the previous year ( Fig. 1) for direct male-male competition for females during the breeding season (22, 23) .
In the summer of 1989, the 4th year of captivity, 6 of the castrated males were given a Silastic capsule (20 mm long; 0.058 inch inner diameter x 0.077 inch outer diameter) containing crystalline testosterone (Sigma) for 6 weeks. This was at a time when androgen levels are naturally elevated due to the testicular recrudescence that occurs in the summer (9, 13, 24) . The remaining 7 castrates and the 10 intact males received a blank capsule for the same period. A blood sample was taken from most animals on removal of the Silastic implant for testosterone radioimmunoassay (24, 25) . Four weeks after removal of the implant, all individuals were placed in hibernation for 17 weeks and then tested for courtship behavior.
All but two of the androgen-treated castrates showed substantial frequencies of courtship behavior in year 4 (Table  3) . Indeed, the temporal pattern of courtship behavior in the testosterone-treated castrates was indistinguishable from that of the blank-treated intact males (Fig. 2) . The hormone levels of individuals in the three groups at the end of treatment are particularly instructive ( Table 3) . As expected, the circulating concentrations of testosterone in all but three of the intact animals were substantially higher than in castrates, in which all of those measured had nondetectable levels. In two of these instances (males 759 and 521) the individuals not only had nondetectable testosterone levels but also failed to court or courted only on a single test, respectively. In the testosterone-treated castrates the titer was elevated in all but two instances, averaging 18.05 ng/ml (±7.2 SE); this is within the reported physiological range for peak spermatogenesis in this species (8, 24 A similar delayed effect of testosterone occurs on the migratory behavior and physiology in birds (26) . Castration before the winter solstice abolishes premigratory hyperpha- gia, fattening, and Zugunruhe, whereas castration after the solstice has little or no effect (27, 28) . Indeed, in long-term castrates, testosterone treatment for 2 weeks in February is sufficient to induce premigratory hyperphagia and Zugunruhe some 2.5 months later (28) . The parallels between these studies and the present investigation are remarkable given the An interesting but tangential finding that may have biological significance concerns the mortality and vigor of the animals. During the course of the study, many of the animals died (castrates, 10; intact, 34), while other animals escaped (castrate, 22; intact, 14). Castration thus improved survivorship (IX = 10.6; P < 0.01). Garter snakes are heavily parasitized and these statistics may reflect immunocompetence. Such a relationship has been noted in male reindeer (29) . The findings reported here are consistent with an earlier study (30) that found that 16 weeks of androgen treatment to captive-born neonate red-sided garter snakes resulted in the expression of courtship behavior on emergence from their first hibernation. Because of the remarkable nature of that finding, and because manipulation of a neonate born in captivity to effect behaviors that would not ordinarily be expressed until puberty is less definitive or convincing than studies with wild-caught adult individuals, a more thorough and long-term study was called for. Taking the results of the two studies together, the following questions are raised: (i) Is there a sensitive period (e.g., summer) for the hormone effect? (ii) For how long after testosterone ceases to be present in the plasma will the effect of testosterone on courtship behavior persist? (iii) Is there something associated with hormone metabolism during hibernation that is responsible for the long latency between hormone exposure and the readiness to court? (iv) Are hormone receptors present in the summer but not in the spring?
Many vertebrates exhibit an associated reproductive pattern whereby the gonads grow prior to the breeding season and sexual behavior is activated by the increasing circulating concentrations of gonadal steroids (7) . Numerous studies have demonstrated that in these species castration will lead to a decline in courtship behavior in males, whereas androgen replacement therapy administered either systemically or intracranially into the anterior hypothalamus or preoptic area will reinstate this behavior. However, in the red-sided garter snake, circulating concentrations of androgen are low during courtship and testicular steroidogenesis does not occur until after all of courtship behavior has ended (8, 24) . Adult males castrated on emergence from hibernation will still court females with the same intensity and duration as intact males (8, 9) ; indeed, such castrates will again court the following spring if they undergo hibernation (refs. 9 and 13; this work). This is despite low (at the level of detectability of the assay) circulating concentrations of androgen in castrated males (see table 3 in ref. 9 ). Significantly, androgen treatment neither maintains courtship behavior in castrated males in the spring (8, 9) nor, in repeated attempts, have we found that it stimulates courtship in males in the summer (when courtship does not occur) (refs. 13 and 21; unpublished data). Even if androgen is implanted directly into the anterior hypothalamus or preoptic area, males fail to court (12) . Administration of other hormones, including estrogen combined with dihydrotestosterone, also fail to elicit courtship behavior (ref. 13 ; unpublished data). Since intact males that do not hibernate fail to court (13) , and since males will court the spring following castration if they undergo hibernation (ref. 9; this work), this would suggest that an intervening period of cold temperature dormancy between hormone exposure and the readiness to court is necessary.
Ifbrain organization occurs on a seasonal basis in red-sided garter snakes, then it is of a fundamentally different nature than that for early organization or seasonal activation effects described for species exhibiting an associated reproductive pattern. That is, this seasonal organization appears to be operating whereby testicular androgens secreted in the summer organize the neural mechanisms underlying courtship behavior such that sexual behavior is activated by warming temperatures and a specific pheromone (31) following winter hibernation, not by proximate shifts in steroid hormone concentration. An intact anterior hypothalamus and preoptic area are critical to the performance of courtship behavior in male garter snakes (32, 33) , and lesions in the preoptic area also disrupt behavioral thermoregulation (33) , suggesting a central role of this area in sensing temperature. Other studies implicate the pineal and its product melatonin as another important endocrine involvement in the regulation of spring courtship behavior (34, 35 
